###### Significance of this Study

What is already known about this subject?
=========================================

-   Hospital readmissions represent a high-priority quality indicator for the healthcare delivery system.

-   Increased glucose variability (GV) has been linked to adverse outcomes in the hospital, such as prolonged length of stay.

-   Hypoglycemia in the last 24 hours of hospitalization has been associated with increased 30-day readmissions.

What are the new findings?
==========================

-   Admissions of patients with diabetes mellitus with the highest GV in the last 24 hours of the inpatient stay were associated with an increase in 30-day readmission rate ratios.

-   This association persisted even after adjustment of multiple covariates, including hypoglycemia in the last 24 hours of the inpatient stay.

How might these results change the focus of research or clinical practice?
==========================================================================

-   The observed association between increased GV in the last 24 hours of hospitalization with higher rates of 30-day readmission may reveal a potentially independent and modifiable factor to reduce hospital readmissions.

Introduction {#s1}
============

Hospital readmissions, a high-priority quality indicator for the healthcare delivery system, has remained an important quality metric due to the significant economic burden, high prevalence and preventability.[@R1] The Centers for Medicare and Medicaid hospital readmissions reduction program penalizes hospitals with higher readmission rates by reducing payments.[@R2]

Patients with diabetes mellitus (DM) have high 30-day readmission rates, ranging from 14% to 26%.[@R1] In both 2012 and 2017, an estimated US\$123 billion of healthcare costs incurred was attributed to the hospitalizations of patients with DM,[@R15] with 30-day readmissions costs estimated at US\$20 billion.[@R17] Therefore, identifying underlying causes and potentially modifiable risk factors for readmissions is imperative as it may improve quality of care and reduce the cost of inpatient care in patients with DM.

Numerous risk factors for hospital readmissions have been described in patients with DM, including burden of comorbidities, ethnic/racial minority, hospital-related and socioeconomic factors, among others.[@R1] However, there is limited data available regarding the impact of inpatient dysglycemia (defined as hyperglycemia, hypoglycemia and increased glucose variability) on readmission risk. Hyperglycemia at time of admission or 24 hours before admission[@R10] and hypoglycemia during hospitalization have been associated with higher 30-day readmission rates.[@R18]

Glucose variability (GV), another marker of dysglycemia, refers to the magnitude of glucose fluctuations that occur around the mean glucose, and is increasingly considered as an indicator of poor glycemic control.[@R19] Increased GV and hyperglycemia are known to be associated with adverse outcomes presumed to be secondary to their impact on oxidative stress,[@R19] neuronal damage, mitochondrial damage and coagulation activity.[@R23] Increased GV during hospitalization is associated with a higher risk for poor clinical outcomes in the non-critical care setting such as prolonged length of stay (LOS) and increased postdischarge mortality,[@R19] as well as increased mortality in the intensive care unit (ICU) setting.[@R22] There is presently no gold standard for measurement of GV[@R22] and several indices have been described.[@R22] The most widely used measure is SD[@R22] along with the coefficient of variation (CV) another valid and frequently used measure for GV.[@R19]

The majority of the published studies have examined the effect of glucose control during the entire hospital stay on adverse outcomes. There is limited information about the relationship between glucose control during the last day of hospitalization and the risk for readmission. In a nationwide cohort study, we examined 843 978 admissions among patients with DM and we reported a strong association of lower glucose values during the last 24 hours of hospitalization with adverse clinical outcomes, including higher 30-day readmission rates.[@R26]

To our knowledge, no previous studies have examined the relationship between GV during the last day of the hospitalization and risk of hospital readmission in patients with DM. Therefore, we evaluated whether increased GV during the last 24 hours of hospitalization, a potentially modifiable risk factor, is associated with increased 30-day readmission rates.

Methods {#s2}
=======

Study overview and data sources {#s2-1}
-------------------------------

This nationwide cohort study used data obtained from the Veterans Affairs (VA) health system of patients with DM admitted between January 1, 2000 and December 31, 2014.[@R26] The study ended in 2014, as this was the final year in which International Classification of Diseases (ICD)-9 codes were used. Data were obtained from the VA Central Data Warehouse, a national administrative data repository which stores comprehensive clinical, pharmacy and utilization records and VA Vital Status File for dates of death.[@R27]

The cohort was created by initially identifying all acute VA admissions among patients with DM. Patients with DM were identified by either the presence of ≥2 ICD-9 codes during the past 2 years from an inpatient stay or outpatient visit on separate days and/or had prescriptions for DM within the current year.[@R28] We excluded admissions ([figure 1](#F1){ref-type="fig"}) to psychiatric or long-term care settings (n=273 549) and admissions ending with transfer to a non-VA hospital (n=54 992), as follow-up data were not available, admissions with LOS ≥30 days (n=34 006) or LOS \<1 day (n=59 474), and admissions with in-hospital deaths (n=30 603). We also excluded admissions where there were less than two glucose values (including only those with two or more glucose values) during the last 24 hours of the hospitalization, as neither SD or CV can be computed, and glucose values collected within 5 min of previous glucose values as previously described (n=7 72 482).[@R19]

![Study cohort creation flow diagram. BMI, body mass index; DM, diabetes mellitus; ICU, intensive care unit; LOS, length of stay; Psych, psychiatric.](bmjdrc-2019-000990f01){#F1}

Additionally, 399 duplicate admissions were also excluded. Patients in the ICU were excluded as this represents a different population than those admitted to non-critical care settings (n=13 071).[@R19] Finally, we excluded admissions with missing body mass index (BMI) or with BMI \<14 or \>120 kg/m^2^ (n=20 835), hospitalizations where it was not possible to determine the admitting service (medicine or surgery, n=1) or the hospital where the patients were admitted (n=85).[@R26] The final cohort sample used for analysis was 1 042 150 admissions.

Covariates {#s2-2}
----------

Independent variables analyzed for this study included age, gender, race, BMI, income, year of admission, admission source (whether patients were admitted from home or other facilities), admitting service (medicine or surgery), hemoglobin A1c (A1c) obtained 90 days prior to the admission, DM medications used during the last 24 hours of hospitalization and several comorbid conditions as previously defined by Elixhauser *et al* ([table 1](#T1){ref-type="table"}).[@R29] Hypoglycemia in the hospital was defined as glucose values \<70 mg/dL.[@R30] Length of hospital stay was calculated by subtracting the discharge day and time from the admission day and time, to ascertain the last 24 hours of the hospitalization.

###### 

Characteristics of admissions of patients with diabetes mellitus

  ----------------------------------------------------------------------------------------------------------------------------
  Variable                         All admissions\     GV (CV 1--4)\       GV (CV 5--7)\       GV (CV 8--10)\      Adjusted\
                                   (n=1 042 150)       (n=416 885)         (n=312 624)         (n=312 641)         p value
  -------------------------------- ------------------- ------------------- ------------------- ------------------- -----------
  Age (years)\*                    66.5 (10.8)         66.1 (10.7)         66.6 (10.7)         66.8 (10.9)         \<0.001

  A1c                              7.8 (1.9)           7.5 (1.8)           7.7 (1.9)           8.1 (2.1)           \<0.001

  Male sex, n (%)                  1 012 466 (97.2)    404 389 (97)        303 904 (97.2)      304 173 (97.3)      \<0.001

  BMI (kg/m^2^)†                   29.8 (25.7--34.8)   30.4 (26.3--35.4)   30.0 (25.9--34.9)   28.9 (24.8--33.7)   \<0.001

   Race, n (%)                                                                                                     

   White                           746 704 (71.7)      302 472 (72.6)      224 713 (71.9)      219 519 (70.2)      \<0.001

   Black                           205 090 (19.7)      79 399 (19)         60 370 (19.3)       65 321 (20.9)       

   Asian/American Indian/Pacific   18 957 (1.8)        7563 (1.8)          5767 (1.84)         5627 (1.8)          

   Other/Unknown                   71 399 (6.9)        27 451 (6.6)        21 774 (7)          22 174 (7.1)        

  Income (US\$), n (%)                                                                                             

   \<20 000                        601 841 (57.8)      240 379 (57.7)      180 234 (57.7)      181 228 (60)        \<0.001

   20 001--40 000                  343 421 (33.0)      136 717 (32.8)      103 299 (33.0)      103 405 (33.1)      

   40 001--60 000                  56 350 (5.4)        22 866 (5.5)        16 912 (5.4)        16 572 (5.3)        

   \>60 001                        40 538 (3.9)        16 923 (4.1)        12 179 (3.9)        11 436 (3.7)        

   LOS (days)†                     3.9 (2.2--6.9)      3.9 (2.2--6.7)      3.9 (2.2--6.8)      4.00 (2.3--7.00)    \<0.001

   Hypoglycemia, n (%)‡            76 621 (7.4)        5203 (1.3)          10 902 (3.5)        60 516 (19.4)       \<0.001

  Year of admission, n (%)                                                                                         

   Before 2005                     204 954 (19.7)      81 411 (19.5)       59 462 (19.0)       64 081 (20.5)       \<0.001

   2006--2010                      431 271 (41.4)      167 179 (40.1)      128 592 (41.1)      135 500 (43.3)      

   2011--2015                      405 925 (39.0)      168 295 (40.4)      124 570 (39.9)      113 060 (36.2)      

  Admission source, n (%)                                                                                          

   Nursing home                    29 777 (2.9)        11 833 (2.8)        9108 (2.9)          8836 (2.8)          0.48

   Transfers from OSH              28 122 (2.7)        11 133 (2.7)        8642 (2.8)          8347 (2.7)          

   Home/Outpatient                 984 251 (94.4)      393 919 (94.5)      294 874 (94.3)      295 458 (94.5)      

  Admitting service, n (%)                                                                                         

   Medicine                        841 242 (80.7)      322 961 (77.5)      254 065 (81.3)      264 216 (84.5)      \<0.00

   Surgery                         200 908 (19.3)      93 924 (22.53)      58 559 (18.7)       48 425 (15.5)       

  DM medications, n (%)                                                                                            

   Insulin                         635 152 (61.0)      235 609 (56.5)      193 937 (62)        205 606 (65.8)      \<0.001

   NIM                             57 026 (5.5)        29 019 (7)          16 540 (5.3)        11 467 (3.7)        

   NIM and insulin                 232 960 (22.4)      85 470 (20.5)       69 867 (22.4)       77 623 (24.8)       

   None                            117 012 (11.2)      66 787 (16)         32 280 (10.3)       17 945 (5.7)        

  Comorbid conditions, n (%)                                                                                       

   Alcohol abuse                   52 701 (5.1)        21 273 (5.1)        15 739 (5)          15 689 (5)          1

   Blood loss anemia               9240 (0.9)          3604 (0.9)          2821 (0.9)          2815 (0.0)          1

   Cardiac arrhythmia              239 084 (22.9)      94 426 (22.7)       73 068 (23.4)       71 590 (22.9)       \<0.001

   CHF                             252 302 (24.2)      91 616 (22)         77 377 (24.8)       83 309 (26.7)       \<0.001

   COPD                            226 848 (21.8)      86 918 (20.9)       67 995 (21.8)       71 935 (23)         \<0.001

   Coagulopathy                    30 557 (2.9)        11 902 (2.9)        9436 (3)            9219 (3)            0.008

   Deficiency anemia               46 229 (4.4)        17 127 (4.1)        13 884 (4.4)        15 218 (4.9)        \<0.001

   Depression                      128 659 (12.4)      52 794 (12.7)       38 313 (12.3)       37 552 (12)         \<0.001

   Drug abuse                      23 302 (2.2)        8810 (2.1)          6757 (2.2)          7735 (2.5)          \<0.001

   Fluid/Electrolyte               181 170 (17.4)      67 928 (16.3)       54 448 (17.4)       58 794 (18.8)       \<0.001

   HIV/AIDS                        4366 (0.4)          1725 (0.41)         1346 (0.43)         1295 (0.41)         1

   Hypothyroidism                  70 271 (6.7)        27 787 (6.7)        21 222 (6.8)        21 262 (6.8)        1

   Hypertension (complicated)      210 652 (20.2)      72 536 (17.4)       64 401 (20.6)       73 715 (23.6)       \<0.001

   Liver disease                   72 858 (7.0)        28 344 (6.8)        22 293 (7.1)        22 221 (7.1)        \<0.001

   Lymphoma                        11 900 (1.1)        4708 (1.1)          3633 (1.2)          3559 (1.1)          1

   Metastatic cancer               25 685 (2.5)        11 231 (2.7)        7667 (2.5)          6787 (2.2)          \<0.001

   Solid tumor non-met             86 514 (8.3)        37 739 (9.1)        25 651 (8.2)        23 124 (7.4)        \<0.001

   Myocardial infarction           64 594 (6.2)        24 958 (6)          19 635 (6.3)        20 001 (6.4)        \<0.001

   Neurological disorder           43 784 (4.2)        17 713 (4.3)        13 187 (4.2)        12 884 (4.1)        0.93

   Obesity                         89 885 (8.6)        41 097 (9.9)        27 182 (8.7)        21 606 (6.9)        \<0.001

   Paralysis                       15 558 (1.5)        6723 (1.6)          4787 (1.5)          4048 (1.3)          \<0.001

   Peptic ulcer disease            8129 (0.8)          3315 (0.8)          2450 (0.8)          2364 (0.8)          1

   PVD                             102 132 (9.8)       38 293 (9.2)        30 793 (9.9)        33 046 (10.6)       \<0.001

   Psychosis                       26 010 (2.5)        10 334 (2.5)        7761 (2.5)          7915 (2.5)          1

   Pulm/Circ disease               33 094 (3.2)        12 561 (3)          10 192 (3.3)        10 341 (3.3)        \<0.001

   Renal failure                   238 635 (22.9)      81 843 (19.6)       72 712 (23.3)       84 080 (26.9)       \<0.001

   Rheumatoid arthritis            13 559 (1.3)        4938 (1.2)          4027 (1.3)          4594 (1.5)          \<0.001

   Valvular disease                48 174 (4.6)        18 657 (4.5)        14 721 (4.7)        14 796 (4.7)        \<0.001

   Weight loss                     21 410 (2.0)        8065 (1.9)          6513 (2.1)          6832 (2.2)          \<0.001
  ----------------------------------------------------------------------------------------------------------------------------

\*Mean (SD).

†Median (IQR).

‡Hypoglycemia within past 24 hours.

A1c, hemoglobin A1c; BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CV, coefficient of variation; DM, diabetes mellitus; GV, glucose variability; LOS, length of stay; NIM, non-insulin medications; non-met, non-metastatic; OSH, outside hospital; Pulm/Circ, pulmonary or circulatory disorders; PVD, peripheral vascular disease.

Exposures and outcomes {#s2-3}
----------------------

Exposures of interest for this study were measures of GV, measured by the CV and SD. CV and SD were calculated from point-of-care (POC) glucose values measured (minimum ≥2 values) during the last 24 hours of hospitalization.[@R19] We divided CV and SD values into 10 different groups (deciles) with the 1st decile and the 10th decile having the lowest and the highest measurements, respectively. Our outcome measure was the 30-day readmission, defined as a rehospitalization which occurred within 30 days from the discharge date of the index admission.[@R27] As patients with DM are at risk for multiple admissions (and therefore readmissions),[@R32] we did not include the first readmission, as this approach would have led to exclusion of a significant number of rehospitalizations. All readmissions that occurred \>30 days from the index hospitalization were considered new index admissions, as previously described.[@R26]

Statistical methods {#s2-4}
-------------------

The event rates were computed for every decile group of CV and SD. General estimating equations (GEE) with a Poisson distribution and an exchangeable covariance structure were used to compute adjusted rate ratios of the 30-day readmission while accounting for the correlation of repeated admissions obtained from the same patient and clustering in each center.[@R33]

We considered three models based on CV and SD deciles: (1) the minimally adjusted model, which controls for age, gender and race; (2) the second model which controls for all the variables collected ([table 1](#T1){ref-type="table"}), except for hypoglycemia (age, gender, including income, BMI, admission source (whether patients were admitted from home or other facilities), admitting service, DM medications, year of admission and multiple comorbidities); (3) the third model which controls for all the variables in the second model including also hypoglycemia. We did not adjust for A1c as only 35.3% of patient-admissions had an A1c obtained within 90 days of the hospitalization. Statistical analyses were performed using SAS software, V.9.4 (SAS Institute). Bonferroni corrected p values adjusting for multiple testing were used to compare the covariates among three CV categories based on the calculated CV values (admissions with CV deciles 1--4, CV deciles 5--7 and CV deciles 8--10) in [table 1](#T1){ref-type="table"}. A two-tailed p\<0.05 was considered to be statistically significant.

Results {#s3}
=======

The final cohort included 1 042 150 unique admissions over the 14-year study observation period. In [table 1](#T1){ref-type="table"}, we present baseline characteristics of the admissions of patients with DM, divided into three different categories based on the calculated CV values (admissions with CV 1--4, CV 5--7 and CV 8--10). Overall, the mean age of patients at admission was 66.5±10.8 (mean±SD) years, with the majority being male (97.2%) and Caucasian (71.64%); 94.4% of them were admitted from home and were hospitalized under medicine service (80.7%). The most common comorbid conditions included congestive heart failure (CHF (24.2%)), cardiac arrhythmia (22.9%), renal failure (22.9%) and chronic obstructive pulmonary disease (COPD (21.8%)). Overall median LOS was 3.9 days (IQR: 2.2--6.9) and 7.35% of admissions of patients with DM exhibited hypoglycemia in the last 24 hours of hospitalizations. The mean number of POC glucose values during the last of the inpatient stay was 3.9±0.95. Admissions among the three groups differed significantly in several of the covariates that we examined, an effect that can be secondary to the large sample size of our cohort. One notable observation however is that admissions in the 8--10 CV categories, which had the highest glucose variability measurements, had increased incidence of hypoglycemia (19.4%) compared with admissions in the 5--7 CV (3.5%) and 1--4 CV (1.3%) categories ([table 1](#T1){ref-type="table"}).

In [tables 2 and 3](#T2 T3){ref-type="table"}, we present 30-day readmission rate ratios (RR) of deciles of CV and SD, using the first decile with the lowest variability as the reference group. For both CV and SD, as glucose variability on the last day of admission increased, the 30-day readmission RR increased. For the CV analysis ([table 2](#T2){ref-type="table"}), after adjustment for age, gender and race (model 1), admissions that were in the 4th--10th CV deciles had an increased 30-day readmission rate compared with those admissions that were in the 1st CV category. Admissions with CV values in the 10th CV category had the highest 30-day readmission RR (1.23 (95% CI 1.20 to 1.26), p\<0.0001). In contrast, admissions with CV values in the lowest deciles (CV 2--3) did not experience a statistically significant increase in the 30-day readmission rate compared with those in the first CV category. In model 2, in which we adjusted for almost all covariates that we collected (except for hypoglycemia), admissions with CV in the 5th--10th CV categories had a statistically significant progressive increase in the 30-day readmission rate. The results were similar in model 3, where we adjusted for all the variables in model 2 and included hypoglycemia. Overall, compared with the reference 1st CV category, after adjusting for all the covariates, admissions with the highest CV values in the 10th category had an increased 30-day readmission rate (model 3, RR: 1.08 (95% CI 1.05 to 1.10), p\<0.0001).

###### 

Event RR of the 30-day readmission by CV decile category, obtained in the last 24 hours of inpatient stay

  ----------------------------------------------------------------------------------------------------------------------------------------
  Decile category: CV%\*    Model 1: RR\          P value        Model 2: RR\          P value        Model 3: RR\          P value
                            (95% CI)                             (95% CI)                             (95% CI)              
  ------------------------- --------------------- -------------- --------------------- -------------- --------------------- --------------
  1st: 3.6 (2.0--4.9)       1.00 ref                             1.00 ref                             1.00 ref              

  2nd: 8.2 (7.2--9.2)       1.00 (0.98 to 1.02)   0.88           1.00 (0.98 to 1.02)   0.81           1.00 (0.98 to 1.02)   0.80

  3rd: 12.0 (11.1--12.9)    1.02 (1.00 to 1.04)   0.06           1.01 (0.99 to 1.03)   0.44           1.01 (0.99 to 1.03)   0.45

  4th: 15.6 (14.7--16.5)    1.03 (1.01 to 1.05)   **0.0004**     1.01 (0.99 to 1.03)   0.25           1.01 (0.99 to 1.03)   0.27

  5th: 19.4 (18.4--20.3)    1.06 (1.04 to 1.08)   **\<0.0001**   1.02 (1.00 to 1.04)   **0.03**       1.02 (1.00 to 1.04)   **0.03**

  6th: 23.4 (22.4--24.5)    1.08 (1.06 to 1.10)   **\<0.0001**   1.03 (1.01 to 1.05)   **0.002**      1.03 (1.01 to 1.05)   **0.003**

  7th: 28.1 (26.9--29.4)    1.10 (1.08 to 1.12)   **\<0.0001**   1.04 (1.02 to 1.06)   **\<0.0001**   1.04 (1.02 to 1.05)   **\<0.0001**

  8th: 33.9 (32.3--35.6)    1.15 (1.13 to 1.18)   **\<0.0001**   1.07 (1.05 to 1.09)   **\<0.0001**   1.07 (1.05 to 1.09)   **\<0.0001**

  9th: 41.8 (39.5--44.4)    1.16 (1.13 to 1.19)   **\<0.0001**   1.07 (1.04 to 1.09)   **\<0.0001**   1.06 (1.03 to 1.08)   **\<0.0001**

  10th: 56.2 (51.2--64.1)   1.23 (1.20 to 1.26)   **\<0.0001**   1.10 (1.08 to 1.13)   **\<0.0001**   1.08 (1.05 to 1.10)   **\<0.0001**
  ----------------------------------------------------------------------------------------------------------------------------------------

Model 1: adjusting for age, gender, race.

Model 2: adjusting for age, gender, race (model 1) and length of stay, DM medication groups, income, BMI, year of admission, admission source, admitting service, comorbidities.

Model 3: adjusting for age, gender, race, length of stay, DM medication groups, income, BMI, year of admission, admission source, admitting service, comorbidities (model 2) and hypoglycemia.

In bold are p\<0.05 considered to be statistically signifficant.

\*Median (IQR).

BMI, body mass index; CV, coefficient of variation; DM, diabetes mellitus; RR, rate ratio.

###### 

Event RR of the 30-day readmission by SD decile category, obtained in the last 24 hours of inpatient stay

  ------------------------------------------------------------------------------------------------------------------------------------------
  Decile category:\           Model 1: RR\          P value        Model 2:\             P value        Model 3:\             P value
  SD mg/dL\*                  (95% CI)                             RR (95% CI)                          RR (95% CI)           
  --------------------------- --------------------- -------------- --------------------- -------------- --------------------- --------------
  1st: 5.1 (2.8--7.1)         1.00 ref                             1.00 ref                             1.00 ref              

  2nd: 12.1 (10.6--13.7)      1.02 (0.99 to 1.04)   0.16           1.00 (0.99 to 1.03)   0.55           1.01 (0.99 to 1.03)   0.59

  3rd: 18.4 (16.8--19.8)      1.04 (1.02 to 1.07)   **0.0002**     1.02 (1.00 to 1.04)   **0.049**      1.02 (1.00 to 1.04)   0.07

  4th: 24.5 (22.9--26.2)      1.08 (1.06 to 1.10)   **\<0.0001**   1.04 (1.02 to 1.06)   **\<0.0001**   1.04 (1.02 to 1.06)   **\<0.0001**

  5th: 31.1 (29.5--33.0)      1.10 (1.07 to 1.12)   **\<0.0001**   1.05 (1.03 to 1.07)   **\<0.0001**   1.04 (1.02 to 1.06)   **\<0.0001**

  6th: 38.7 (36.7--40.7)      1.11 (1.08 to 1.13)   **\<0.0001**   1.05 (1.02 to 1.07)   **\<0.0001**   1.04 (1.02 to 1.06)   **0.0001**

  7th: 47.6 (45.3--50.2)      1.14 (1.12 to 1.16)   **\<0.0001**   1.07 (1.05 to 1.09)   **\<0.0001**   1.06 (1.04 to 1.08)   **\<0.0001**

  8th: 59.1 (55.9--62.6)      1.15 (1.13 to 1.18)   **\<0.0001**   1.07 (1.04 to 1.09)   **\<0.0001**   1.06 (1.04 to 1.09)   **\<0.0001**

  9th: 75.7 (70.7--81.4)      1.20 (1.17 to 1.23)   **\<0.0001**   1.10 (1.07 to 1.12)   **\<0.0001**   1.09 (1.06 to 1.11)   **\<0.0001**

  10th: 109.6 (97.3--129.6)   1.27 (1.23 to 1.30)   **\<0.0001**   1.13 (1.10 to 1.15)   **\<0.0001**   1.11 (1.09 to 1.14)   **\<0.0001**
  ------------------------------------------------------------------------------------------------------------------------------------------

Model 1: adjusting for age, gender, race.

Model 2: adjusting for age, gender, race (model 1) and length of stay, DM medication groups, income, BMI, year of admission, admission source, admitting service, comorbidities.

Model 3: adjusting for age, gender, race, length of stay, DM medication groups, income, BMI, year of admission, admission source, admitting service, comorbidities (model 2) and hypoglycemia.

In bold are p\<0.05 considered to be statistically signifficant.

\*Median (IQR).

BMI, body mass index; DM, diabetes mellitus; RR, rate ratio.

Similarly, when we used SD as a measurement of glucose variability ([table 3](#T3){ref-type="table"}), admissions with SD in the 3rd--10th categories (models 1 and 2) and admissions with SD in the 4th--10th categories (model 3) had a higher 30-day readmission rate compared with the 1st SD category. After adjusting for all the covariates including hypoglycemia (model 3), admissions with the SD values in the 10th category had the highest 30-day readmission rate (RR: 1.11 (95% CI 1.09 to 1.14), p\<0.0001).

Discussion {#s4}
==========

In this study, we evaluated the association of GV during the last 24 hours of hospitalization with 30-day readmission rates among a large cohort of adults with diabetes admitted in the non-critical care setting. We identified that admissions of patients with DM with the highest GV during the last 24 hours of the inpatient stay, using CV and SD measurements, had an increased risk for 30-day readmission. This association persisted despite adjustment for multiple covariates, notably including adjustment for hypoglycemia during the last 24 hours of hospitalization.

Evidence from studies performed in the outpatient setting has shown that higher GV increases risk of adverse clinical outcomes. The effect of GV on oxidative stress and endothelial dysfunction is thought to be equal or greater than that attributed to persistent hyperglycemia, and is postulated to contribute to the development of microvascular and macrovascular DM complications.[@R23] Within the inpatient setting several studies have examined increased GV with adverse outcomes, revealing associations with prolonged length of stay[@R19] and increased mortality in both ICU and non-critical care settings.[@R19]

To our knowledge, this is the first nationwide study aiming to determine whether increased GV is associated with increased risk for hospital readmissions. Hospital readmissions within 30 days postdischarge has drawn national attention with federal policy reform due to the rising healthcare expenditure, high prevalence and preventability.[@R1] Therefore, research focused on exploring potentially modifiable factors to reduce readmissions is of utmost importance. The effect of glucose control at admission or throughout the inpatient stay on readmission has been evaluated,[@R18] but not during the final day of the hospitalization. Recently, we have reported an association of lower glucose values on the last inpatient day with increased rate of 30-day readmission.[@R26] In the present analysis, we have additionally showed an independent association of higher GV on the last day of hospitalization with increased 30-day readmission. The results from our cohort studies may shed light on two potentially modifiable risk factors for reducing 30-day readmissions.

It is unknown how higher GV on the last day of hospitalization may contribute to increased risk of 30-day readmission. Although we did not have access to postdischarge glycemic values, one potential explanation is that high GV predisposes patients to postdischarge hypoglycemia or to significant hyperglycemia, which may lead to readmission. In our study, we found that those admissions of patients with the highest GV also had the highest incidence of hypoglycemia during the last 24 hours of the hospital stay, which is consistent with previous observations. It is known that blood glucose disturbances precede severe hypoglycemia[@R39] and increased GV has been previously identified as a predictor of hypoglycemia.[@R25] The transition of care from inpatient to the outpatient setting signifies a vulnerable and challenging time with greater risk of dysglycemia, as well as healthcare utilization such as emergency room visits or readmissions.[@R26] As patients with DM have multiple and often suboptimally controlled comorbidities, they have an inherently higher risk for frequent readmissions.[@R32]

Despite the growing evidence of an association of GV with poor clinical outcomes, it remains debatable whether GV should be considered a treatment target.[@R45] Lack of standardization for the definition and method of measurement of GV contributes to this uncertainty. Within the literature there is significant heterogeneity of GV indices reported,[@R24] therefore the consolidation of the available evidence to drive changes in clinical practice is difficult. SD, a simple method for assessing GV, represents the distribution of data around the mean blood glucose,[@R23] and is useful for analysis of intraday variation of POC glucose values. Other metrics of variability have been proposed including but not limited to J-index, mean amplitude of glucose excursion, mean absolute glucose, continuous overlapping net glycemic action, the high and low blood glucose index and mean of daily differences.[@R22] A criticism of the CV is that the mean is used in its calculation and as a result, violations of normality of the distribution of glucose values or extreme concentrations can exaggerate the CV measurement. Although this is a valid criticism, each of the other metrics have their own limitations.[@R23] We used the CV which has been frequently reported.[@R19] Although an imperfect metric of variability, our study shows that the CV is related to 30-day readmission and suggests further studies should be conducted to determine if reducing variability lowers the rate of readmission. Recently, it has been advocated that continuous glucose monitoring in the hospital may offer advantages over POC glucose testing in managing and evaluating glycemic control in hospitalized patients.[@R48] Future studies using this technology will help us to confirm our findings on the importance of GV on hospital outcome and readmission risk.

Our study has several strengths. To our knowledge, this cohort is one of the largest studies evaluating readmission rates in patients with DM using national data. Additionally, the VA Healthcare System is a 'closed' health system where most veterans receive all of their healthcare including treatment during hospitalizations thus assuring a robust method to accurately measure readmissions. Given the comprehensive and extensive nature of the Veterans Health Administration data sources, we were able to include data for \>1 million admissions of patients with diabetes and a broad set of covariates and risk factors in this analysis ([table 1](#T1){ref-type="table"}).

There are limitations to our study that should be considered. Consistent with previously published studies using Veterans Health Administration data sources, our analysis is restricted to this single healthcare system.[@R27] Although we included nationwide data, it excluded readmissions to non-VA hospitals. Additionally, our patient population may not be representative of the general population given veterans are more likely to be male, elderly and have multiple comorbid conditions. However, since we adjusted for social-demographic data and comorbidities, we have minimized the impact of these differences and we believe the results can be extrapolated to the general DM population. Glucose variability can be influenced by the nutritional intake during an inpatient stay, which was not collected in our study, and perhaps is a limitation. We did not distinguish the preventable readmissions from other readmissions. Although preventability of readmissions has been evaluated using administrative data previously, it is subjective and therefore may not represent the most optimal method to study this objective.[@R27] Identifying high GV as a potentially modifiable risk factor in the last 24 hours using POC glucose values alone may be challenging. Methods in detecting high GV in the inpatient setting in a reliable and efficient way need to be explored. Consideration of CGM use in the hospital setting would ensure collection of accurate glucometric data, including CV and SD. Current ongoing prospective studies using CGM technology are investigating the use of CGM in the hospital setting and after discharge, and should provide more comprehensive information regarding GV on clinical outcomes and readmission risk. Lastly, we limited our analysis on the effect of GV during the last day of the hospitalization on readmission and did not examine the overall effect during the entire hospital stay.

In conclusion, the results of this VA nationwide cohort observation study including 1 042 150 admissions of patients with DM indicate that patients with higher GV on the last day of hospitalization were at a higher risk for 30-day readmission. Although the increased 30-day readmission risk could also be secondary to underlying medical conditions, inpatient diabetes medications or other risk factors unrelated to glucose variability, our extensive analyses, adjusting for multiple covariates indicate that increased GV during the last day of the hospitalization can be considered as a potential risk factor for early readmission. Further prospective studies are needed to fully explore whether reducing GV can decrease the risk for 30-day readmission.
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